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A Single Dominant Gene Controlling Resistance to Soil Zinc Deficiency
in Common Bean

Shree P. Singh* and Dale T. Westermann ~
ABSTRACT or deep plowing that brings the highly calcareous s~il

Cultivated soils often are either deficient or possess toxic concen- to the surface may also enhance Zn deficiency (Brown
trations of one or more mineral elements that adversely affect emer- and Leggett, 1967). LeBaron (1966) and LeBaron et al.
gence,growth, maturity, production potential, and/or nutritional qual- (1971) suggested applying 11 kg Zn ha-1 would correct
ity of common bean (Phaseolus vulgaris L.). Our objective was to problem soils for common bean production.
study the inheritance of resistance to soil Zn deficiency. The resistant Blaylock (1995) Boawn et al. (1969) and Brown and
'Matterhorn' was crossed with the susceptible 'T-39'. The F, was Leggett (1967) d~scribed the visual sYmptoms of Zn
backcrossed to Matterhorn (BC,) and T -39 (BCz), and advanced to d f. . d h d th b I .. e Iclency an s owe at common ean cu tIvars varythe Fz. The two parents, F" Fz, BC" and BCz were evaluated In a Zn . . . . . . ..
deficient field trial at Kimberly, Idaho in 2001. Plants were classified In SensItIvIty t? Zn. defIcI~ncy. Shorte~Ing of Inte~odes
as tall-healthy or stunted with chlorotic leaves. Leaves were sampled or plant stuntIng, Intef':'eInal chlorosIs. and bronzIng of
from the two types of plants at Dowering and analyzed for Zn concen- leaves, delayed flowerIng and matunty, and reduced
tration. The tall plants had an average leaf Zn concentration of 22.5 biomass production and seed yield are common symp-
mg kg~.. In contrast, stunted plants had a Zn concentration of 15.0 toms. Edwards and Mohamed (1973) also reported a
mg.kg-'. All F. plants .were tall resembling Matterhorn, except that reduction in carbonic anhydrase activity in leaves of
unlIke Matterhorn (whIte Dowers and seeds) they had purple Dowers Zn deficient common bean cultivars. Yield losses of
and black shiny seeds. Thus, the resistance to Zn deficiency was susceptible small-seeded «25 g 100 seed-weight-1 ) com-
dominant. A segreg~tion of 4~ .resistant (R) to 20 susceptible (S) mon bean cultivars (e.g. Mackinac Sanilac Seawayplants was observed In the Fz, gIVIng a good fit to 3 R:l S (Xz = 1.1538, d ) . '..' .' ,
P = 0.28). All plants in BC, were resistant. In BCz, 142 R and 139 S an T -39 ~n moderately Zn deficIent soIls could reach
plants were observed, giving a ratio ofl R to IS (Xz = 0.032,P= 0.86). up to. 100 Yo (Brow~ and Leggett, :967; Wester.ma~n
This supports a single dominant gene controlling soil Zn deficiency and SIngh, 2000). ZInC uptake .and It~ ~once~tratI.o~ In
resistance. The symbol Znd is proposed for the dominant allele con- plant parts and seed are lower In sensItIve or InefficIent
trolling resistance to soil Zn deficiency, and znd for its susceptible cultivars compared with tolerant or efficient cultivars
counterpart. (Brown and Leggett, 1967; Moraghan and Grafton, 1999).

Brouwer et al. (1981) and Polson and Adams (1970)
observed differential cultivar response to Zn foliar

As MUCH AS 60% of the soils in the common bean sprays in navy beans. Moreover, even the most resistant
.l"'\.. production regions around the world suffer from snap and dry common bean cultivars responded posi-
mineral deficiencies or toxicities (CIAT, 1992; Thung tively to Zn application as evidenced by their increased
and Rao, 1999; Wortmann et al., 1998). The calcareous dry weight and Zn concentration (Brown and Leggett,

soils of northwestern USA generally have excess soluble 1967).
salts such as Ca, K, Mg, and Na. This increases soil pH Soil Zn deficiency resistant common bean cultivars
and may cause Zn, P, Fe, and/or Mn deficiencies. Brown must employ a plethora of physiological mechanisms to
and Leggett (1967) and Leggett et al. (1975) reported tolerate Zn deficiency stress better than their suscepti-
a widespread Zn deficiency in the common bean crop ble counterparts. These supposedly Zn-efficient geno-
in the Magic Valley of southern Idaho. Zinc deficiency types should have greater fertilizer efficiency and a
was also reported in common bean production regions greater harvest index compared to Zn-inefficient or sus-
in Michigan (Judy et al., 1965; Polson and Adams, 1970) ceptible genotypes when grown in low Zn soils. The
and North Dakota (Moraghan and Grafton, 1999). Le- increased fertilizer efficiency of the Zn-deficiency resis-
Baron (1966) reported that a preceding crop of sug- tant common bean genotypes offers a potential to man-
arbeet (Beta vulgaris L.), high manure use, or phosphate age severely Zn-deficient soils by a combination of
fertilizers can intensify Zn deficiency symptoms on sus- growing Zn-deficiency resistant cultivars and Zn fertil-
ceptible common bean cultivars. Similarly, land leveling ization at low rates. Nonetheless, managing soil Zn-

deficiency stress through fertilizer use increases produc-
S.P. Singh, Univ. of Idaho, 3793 N 3600 E, Kimberly, ID 83341- tion costs and ~educes the competitive edge of common
5076; D.T. Westermann, USDA-ARS Northwest Irrigation & Soils bean growers In global markets.
~esearch Laboratory, 3793 N 3600 E, ~imberly, ID 83341-5076. Pub- Westermann and Singh (2000) found a positive corre-
lIshed as Idaho. Agnc. Exp..Stn.~. ArtIcle No. 02703, Univ. of Idaho, lation between seed yield and Zn concentration in leavesCollege of Agnculture & Life ScIences, Moscow, ID 83844. Received f 36 . . .
18 Sep. 2001. *Corresponding author (singh@kimberly.uidaho.edu). o. co~mon bean genotypes grown In Zn-defIcIent

soIl at KImberly, ill. There were marked differences in
Published in Crop Sci. 42:1071-1074 (2002). leaf yellowing-bronzing (scores 2-9, where 1 = symp-
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able 1. Soil chemical characteristics and available nutrient con- used in 1999 and 2000) in 2001. A randomized complete block
centration of a calcareous Portneuf silt loam soil in 1999 at design with three replicates was used. Each plot consisted of
Kimberly,ID,usedforscreeningcommonbeangenotypesfrom a single row, 6 m long, spaced 0.56 m apart. Within row plant
1999 to 2001. spacing was approximately 70 mm. An average of 30 seeds

Critical level for plot-I were planted for each parent, 15 seeds for FI, 25 seeds
iii characteristic Range common bean for Fz and BC1, and 100 seeds for BCz. Hand weeding and
rganic carbon (mg g-l) 4-6 - herbicides were used to keep plots free from weeds during
EC (cmol, kg') 18.0-20.0 - the growing season. Gravity irrigation was used to apply Snake
1 7.S--8.2 - River water as necessary to assure optimum crop growth and
agne.sium (cmol, kg~') 4.()--6.0 - development. However, fertilizer was not applied to any plots.

)tasslum (cmol kg- ) 0.4-0.6 <0.13 T 1 1 d . h 1 . h. h f. tnc (mg kg-I) , 0.6-0.8 <1.0 ota p ant counts we~e ma e m ~a.c p ot Wit m t .e Irs

[In (mg kg-I) 12.0-13.0 <4.5 week after emergence. Visual Zn-deficlency symptoms, If any,
anganese (mg kg-I) 9.6-9.9 <1.0 were also scored on a I-to-9 scale as explained above, begin-
losphorus (mg kg-I) 10.0-12.0 <8.0 ning 3 wk after emergence. Plants within each plot were classi-

fied into tall healthy with very mild or no visual Zn deficiency
- . . (receiving scores of $3) and short or stunted with severe foliar'ml~ss and 9 - sev~re yellowIng and b~?nzmg), plant Zn deficiencies (receiving scores of ~7). No plants in any plot

untlng, and seed Yield (11-4722 kg ha ). The small- received a score of 4, 5, or 6. One most recently matured
:eded navy and black market classes of common bean, trifoliolate leaf was excised from each tall resistant and stunted
general, were more susceptible to Zn deficiency. In susceptible plant in each plot and in each replicate at approxi-

mtrast, the highest resistance was observed in medium- mately one-tenth bloom. The petiole was discarded and leaf-
eded (25-40 g 100 seed-weight-l) great northern, lets dried at 60°C, ground, and analyzed by ICP-OES for Zn
nk, pinto, and red market classes, followed by large- con~ent~a~ions. after dry ashing at 500°C and solublizing the
eded (>40 g 100 seed-weight-l) common beans. Our a~h m mtn~ acid (Gavlak et ~l., 1998). T~e observe~ frequen-
)jective was to study the inheritance of resistance to cles of resistant and su~ceptlble plants m se~regatlng geno-
t1 deficiency in common bean. types were compared with expected frequencies by a Xz test.

MATERIALS AND MEmODS RESULTS AND DISCUSSION

Z~nc-deficiency resistant. Matterh<;,rn was crossed with sus- The tip and borders of primary leaves of 10- to 14-d-
ptl~le common.b.ean cul.tlvar T -39 m 2000: Both were evalu- old seedlings of T -39 began to show yellowing. Severe
~d m a Zn-deficlent soil (Table 1) at Kimberly, ill, from.. . . f .

d b99t 2001(1190 1 t. . 235°C a .mumal.r mtervemal chlorosIs and bronzIng 0 pnmary an su se-0 m e eva Ion, . average m XI .f I. I I h . f . d dnperature from April to September). Soil was a Portneuf quent tn 0.10 ate eaves, s ortenmg 0 mterno es, a~
t loam (coarse, mixed, superactive, mesic Durinodic Xeric plant stuntIng f?"owed..Some plants also began t<;, ?Ie
Ipocalids) with approximately 1 % slope. Composite soil 3 wk after planting (received a score of 9). The surviVIng
nples were taken prior to planting from each replication plants did not flower, produce seed, or reach maturity
d analyzed for soil chemical characteristics and available in 100 d (received a score of 7 or 8). The average height
trients (Table 1). In all three years, the response of both at 90 d was 200 mm. In contrast, no visible symptoms
ltivars was similar. Matterhorn was highly resistant, receiv- of Zn deficiency were observed in leaves of seedlings
~ a scor~?f 2 on a 1 t.o.9 score, where 1 = tall healthy plants or adult plants of Matterhorn. Its mean plant height
th no. vIsible Zn-~eficlency syml:'toms, and 9.= severe leaf was 60.0 cm and it flowered and produced seed as ex-
!orosls and bronzIng, plant stuntIng, and considerable seed- . . . .
g death. T-39 had scores ranging from 7 to 9. Matterhorn pected for n?nZn-denclent soils at KImberly, ill.
I white medium-seeded, high yielding, widely adapted great The seedhngs as well as adult plants of the Matter-
rthern cultivar developed at Michigan State University hornff -39 F] were as normal and healthy as Matterhorn.
elly et al., 1999). Matterhorn has an indetenninate upright However, Matterhorn had white flowers and seeds. All
Iwth habit (Type II) with small vine, and the I gene for FI plants had purple flowers and black shiny seeds. Thus,
istance to Bean common mosaic virus (BCMV). Matter- resistance to Zn deficiency was a dominant trait and
rn is also resistant to most common races of the fungus not linked to flower or seed color.
o~yces appendiculatl:lS (Pers.:Pers.) Unger, causing b.ean In the F both the stunted plants with typical Zn-t m the USA. T -39 IS a small-seeded black bean cultlvar . 2, . .

39 ( . bl ) dt d f th Id '

Bl k T rtl S ' 1 d T 39 deficIency symptoms sImilar to T - susceptl e an

~c e rom e 0 ac u e oup an race. - was . .
~asedjointlybytheUniversityofCalifornia-DavisandCor- healthy tall plants hke Matterh.o~ (resIst~nt) were ob-

I University, Ithaca, NY, in 1974. Like Matterhorn, T -39 served.. There were 45 Zn-denclency resIstant and .20
J has indeterminate upright growth habit (Type II) with susceptible plants (Table 2). These observed frequencies
all vine and I gene resistance to BCMV. It was also report- gave a good fit to the expected 3 resistant to 1 susceptible
to be resistant to rust and susceptible to common bacter- ratio (X2 = 1.1538, P = 0.28). Thus, a monogenic domi-
blight [caused by Xanthomonas campestris pv. phaseoli nant inheritance of resistance to Zn deficiency in com-
!lith) Dye], white mold [caused by Sclerotinia sclerotiorum mon bean was indicated.
b) de Bary], and Alpha, Beta, and Delta races of Co/letotri- All plants in the BC (the F backcrossed to Matter-
!m lindemuthianu.m (Sacc. & M~gn.) Bri. & Cav. causing horn) were tall and he~lthy like Matterhorn (Table 1).
hracnose at the time of release m the USA. .
lhe Matterhornrr -39 F I hybrid was backcrossed to Matter- However, they segregated for purple and whIte flower
n (BC1) and T -39 (BCz), and also allowed to produce Fz and white, black and oth.er seed colors, as would be
d. Matterhorn, T-39, and their FI, Fz, BCI, and BCz were expected because both white flower and seed colors are
luated in a marginally Zn-deficient soil (the same field recessive traits (Prakken, 1970; Smith, 1961). Since all
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Table 2. Mean leaf zinc (Zn) concentration, observed frequencies, expected ratio, and Xl values for common bean cultivars Matterhorn,
T-39, and their FI, Fl, and backcross generations evaluated in Zn deficient soil at Kimberly, Idaho in 2001.

Observed frequencies
Leaf Zn

Genotype concentration Tal/ Stunted Expected ratio X' value P

mg kg-I no no
Matterhorn 24.8 78 --
T-39 13.9 - 65 --
Matterhomff .39 (F I ) 21.8 32 - --
Matterhomff -39 (F,) 24.7 tal/: 19.6 stunted 45 20 49 tal/: 16 stunted 1.1538 0.28
Matterhorn/Matterhomff.39 (DC,) 23.3 71 - --
T.39//Matterhomff.39 (DC,) 17.8 tall: 11.6 stunted 142 139 140 tal/: 140 stunted 0.032 0.86

plants of the Matterhorn{[-39 FI were normal and mon bean, combining them for increased levels of res is-
healthy as Matterhorn and because a monogenic domi- tance would be worthwhile.
nant inheritance of resistance to Zn deficiency was ob-
served in the F2, only normal and healthy plants would REFERENCES
be expected in the BC,. . .
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